ABSTRACT
INTRODUCTION
Indian aquaculture has demonstrated a six and half fold growth over the last two decades, with freshwater aquaculture contributing over 95 percent of the total aquaculture production. The production of carp in freshwater and shrimps in brackish water form the major activity of the areas. The three Indian major carps, namely catla (Catla catla), rohu (Labeo rohita) and mrigal (Cirrhinus mrigala) contribute the bulk of production with over 1.8 million tonnes [1] ; followed by silver carp, grass carp and common carp forming a second important group. Average national production from still water ponds has increased from 0.6 tonnes/ha/year in 1974 to 2.2 tonnes/ha/year by 2001-2002 [2] , with several farmers even demonstrating production levels as high as 8 -12 tonnes/ha/year. The technologies of induced carp breeding and polyculture in static ponds and tanks virtually revolutionized the freshwater aquaculture sector and turned the sector into a fast growing industry.
Fish culture is a water-intensive endeavor and requires much more water than conventional agriculture [3] . The current expansion of freshwater aquaculture in the India may require large quantity of freshwater either groundwater or surface water. There already exists concern of adequate water supplies for traditional agriculture. Further, uncertainty in monsoon rain, scare and limited availability of freshwater resource have forced in rethinking wise-use of freshwater in aquaculture sector to increase water productivity. Nowaday's water is increasingly becoming less available and costly to procure. World in general and India in particular, the freshwater supply and reserve are now under threat due to increased population following by increased demand of water in agriculture, aquaculture, industry and domestic sectors. Unplanned wasteful use of water in aquaculture is limiting further development of this sector. Therefore, more research is badly needed on water requirements in pond aquaculture and how to minimize the water use. Till date in India, very little work has been carried out in this regard to quantify optimum water requirement for hatchery, nursery, rearing and grow-out culture of carps. A few researchers outside [3] [4] [5] [6] have worked out water budgets based on pond measurements for different type of systems/ponds and also in different climatic conditions. Reference [7] developed water budget model as a general methodology that can be adopted to predict water requirements for new locations and [8] has developed water budgets for portable carp hatchery. Because of increasing demand to produce more per unit volume of water resource, the quantification of water requirement for fish culture assumes great importance in view of proper planning [9] for judicious use of freshwater resource of the country. Reference [10] compared the water use in aquaculture with water used for terrestrial animal production. Water budgeting is very important for estimating the total water requirements of ponds, flow through facilities, hatcheries etc. and also to estimate and predict the fish culture potential for different regions.
This paper presents the consumptive water requirements for freshwater pond aquaculture at study site. The hydrology of pond is depending on local conditions, soil type, construction methods, seepage, evaporation, rainfall and other criteria. However the knowledge or protocols about estimating water use for pond aquaculture developed in this study could be applied in the same agroclimatic region of the country.
MATERIALS AND METHODS

Experimental Site
The experimental site is the farm of Central Institute of Freshwater Aquaculture, Bhubaneswar (CIFA) (Latitude: 20˚11'06"N; Longitude: 85˚50'52"E and msl: 33 m), Orissa, India, consists of around 350 ponds ranging from 0.01 ha to 4 ha in area (total about 50 ha cultured water body) with depth running from 1 m to 4.5 m. Ponds have been constructed by making earthen embankments around the storage area. These ponds are either rectangular or square in shape. The ponds are mainly divided into two categories, one is where there is ground water contribution during few months and other where these are built in swampy area and retain water throughout the year. The water in ponds is generally maintained by supply of the water either from nearby canal or reservoirs. Such ponds are having outflow pipes to drain off excess water/rainfall in a regulated manner. These ponds are also receiving ground water contribution during some of the month of a year, when surrounding water table is high because of flow in nearby canal. The hydrology of these ponds mainly depends on soil type, water table depth, flow in canals, methods of construction, seepage, evaporation and rainfall etc. The soil composition at Study site-I was sand 88%, silt 8% and clay 4%. Similarly the soil composition at Study site-II was sand 82%, silt 10% and clay 8%.
The farm is located between Latitude: 20˚11'06"N; Longitude: 85˚50' 52"E and msl: 33 m. The study area is characterized as warm and humid climate, where humidity is always very high and in summer it reaches up to 99%. The summer temperature rises to 44˚C and winter lowest temperature reaches 4˚C. The averages annual rainfall is about 1120 mm of the region. The rainy season generally occurs from May to September and then there is a post monsoon rainfall also.
Experimental Designs and Hydrological Measurements
The water budgets study was conducted in three numbers of rearing fishponds initially for one-year period (2007) (2008) . These ponds were stocked with rohu, catla and mrigal fingerlings of size ranging 4 mm to 6 mm at stocking density of 7000 per hectare. Ponds were fed with floating pelleted feed twice a day at the rate of 2% of body weight of fish. In order to study the effect of special variability and confirm the results obtained, next year same study was conducted in three different ponds at CIFA farm. The ponds are rectangular in shape of size 50 m × 20 m of each and the depths of the pond were about 1.5 m. The water level in ponds was maintained ranging 1.0 m to 1.2 m by providing out let pipes of 15 cm diameter to each pond. These ponds were also provided with inlet pipe of 15 cm diameter from the supply channel for introducing water in the ponds from reservoirs or nearby irrigation canal.
To measure water level changes in ponds, a water level recorder was fabricated which consist of a standpipe and glass cylinder with scale for measurement. The water level is measured inside the measuring cylinder to eliminate the effect of wind wave on stage. These instruments were installed inside the each pond and data on stage change of pond water were taken on daily basis between 7.30 to 8.00 hr. In the next year, these pond water level stage recorders were installed in other nine numbers of ponds for conformity of the results obtained.
A class A Evaporation pan was installed on dyke of pond for measurement of evaporation losses. A hook facilitated accurate estimates of water level changes in the pan. A standard rain gauge was provided in the farm area to measure the rainfall during the study period. The catch of the rain gauge also allowed corrections of water level changes in the evaporation pan so that evaporation could be measured accurately by subtracting rain gauge catch water.
Pond evaporation was estimated by using pan coefficient. The pan-pond coefficient was determined by measuring the stages in the Reinforced Cement Concrete (RCC) tank of 10 m × 5 m of size and with 1.2 m depths with effective water depth at around 1.0 m available in the farm. A staff gauge was fixed inside the tank and the stage at the top of the gauge was fixed. The data on water stages were recorded on daily basis by maintaining the water level in the tank by adding the evaporation losses.
Regulated inflow and out flow from the ponds were measured by providing the inlet and outlet pipes of 15cm diameter of PVC materials. Flow meters were installed in these pipes for measuring the regulated flows.
Runoff was estimated by a curve number method [11] . The soil was classified to a particular hydrologic group based on texture; hydrologic soil group and vegetative cover were then used to obtain curve number. The area from estimating the runoff contributions to each pond was taken as 50% of the pond dyke area because these ponds are levee ponds.
The data as discussed above were collected regularly for one-year period starting from April to March. The pond-pan coefficient, pond evaporation and pond seepage were calculated as follows:
Pond-pan coefficient = Class A pan evaporation/Evaporation from RRC tank Class A pan evaporation Pond-pan coefficient Evaporation from RRC tank  
RESULTS AND DISCUSSION
Determination of Pond-Pan Coefficient
The pond-pan coefficient was determined for calculation of pond evaporation from the pond water stage data. The daily evaporation data from class A pan evaporimeter and RCC tank of 10 m × 5 m size were scrutinized to get the weekly data. These weekly data were plotted and fitted with straight line (Figure 1) . The slope of the line is taken as the pond-pan evaporation coefficient. The pond-pan coefficient for the present case has been estimated as 0.68. This coefficient was later used to separate the pond evaporation and pond seepage from the daily stage data.
Pond Evaporation Losses
Significantly amount of water can be lost from the pond via evaporation, whether it may be either small or larger ponds. Evaporative water loss is primarily a function of ambient air temperature, relative humidity, solar radiation and wind velocity. The daily data of pan evaporation were scrutinized to get the weekly pan evaporation. These weekly pan evaporation data were multiplied by pond-pan coefficient to get the pond evaporation. The daily pond evaporation on an average varied from 0.20 ± 0.05 mm to 5.96 ± 0.75 mm during different months of the year. Mean weekly variation of pond evaporation is presented in Figure 2 . Weekly pond evaporation averaged 35.65 ± 6.78 mm. On an average the evaporation loss from the pond is 1498.3 ± 8.61 mm/year. High evaporation rates during the dry months were influenced by lower humidity, strong weed speed and higher solar radiation. But, in case of rainy months, the pond evaporation was lower due to presence of higher humidity.
Pond Seepage Losses
High seepage rate is not only the results in water losses but also affects the pond fertility, pond dynamics and environment. Pond water loss or gain by seepage depends on primarily on the soil porosity, methods of pond construction, and structural changes over the period of time and pond management. The daily data of pond seepage were separated from daily pond water stage changes data recorded by installing the pond water level recorder in each pond by deducting the pond evaporation data calculated above using pond-pan coefficient. The daily seepage rate on an average varied from 1.1 ± 0.20 mm/day to 14.26 ± 1.50 mm/day during different months of the year. Mean weekly seepage for the present study is shown in Figure 3 . The mean weekly seepage rates ranged from 8.28 ± 2.15 to 84.41 ± 3.60 mm. On average the seepage loss is about 1182.60 ± 10.16 mm/year. The rates of seepage in rainy months were almost 20% -25% less than the dry months. Seepage losses are generally lower during rainy months, which may be due to rainwater infiltrated through pond dykes and that decreased the net seepage losses.
OPEN ACCESS
Rainfall
Measured mean monthly rainfalls during 2006-2009 were shown in Figure 4 . In the warm and humid climate rainfall started from early June and continue up to October. During rainy months, the pond water compensated by rainfall. While remaining months, regulated inflow of water was required for each month to replace water losses to pond evaporation during the study period.
Water Budgets for Pond Aquaculture
The average water budgets have been prepared and summarized in Table 1 . From table it is evident that in almost all the months during the year, water had to be added to meet the requirement of water losses from fishponds except during rainy season where in water losses were compensated by gain in ponds either directly from rain or ground water contribution. The monthly average gain was highest in the month of June and lowest in April. Whereas inflow was quite higher in the month of April and lower in July. Total water gain, pond evaporation, seepage and water addition for a year is 1761. 8 
System Associated Water Use in Freshwater Aquaculture
The system associated water use in freshwater aquaculture includes evaporation loss, seepage loss and water exchange for water quality management. In the present study it was assumed that there is no need for water exchange, as the water quality of fishpond did not deteriorate because of extensive aquaculture practices. The on an average the evaporation loss from the pond is 1498.3 mm/year and seepage loss per year is about 1182.60 mm/ year. Consequently, the water requirements for the production of Indian Major carps are presented in Table 2 . The water requirement for a production target of 3 -4 ton/ha/year comes to 7650 litre or 7.6 m 3 of water per Kg of fish production and water requirement decreases with the intensification of aquaculture or increase of production ( Table 2) . If seepage losses are considered to be green water [12] then total water consumption is about 4.1 m 3 per Kg of fish production. About 850,000 ha pond area is under carp cultivation in India [13] and hence water requirement is very high for freshwater aquaculture sector. 
Feed Associated Water Use in Aquaculture
The water use associated with the production of bone or blood meal, fishmeal and fish oil can be considered negligible. Animals fed formulated diets indirectly consume large quantities of water. Globally, about 1.2 m 3 of water is needed to produce 1 kg of grain used in animal feeds. Fish or crustaceans require less than 2 kg of grain concentrate for each kg produced, making them the most efficiently producing animals in terms of feed-associated water use. This means 2.4 m 3 of water is also being consumed to produce 1 Kg of fish if the feed is being used above that of 4.1 m 3 system associated water requirement. Hence, total water used to produce 1 Kg fish is 6.5 m 3 if the seepage losses are considered as green water. Otherwise the total water used would be about 10.3 m 3 per Kg of fish produced in the present study. about 400 Mham. However the utilizable surface water resources and ground water resources are about 70 Mham and 35 Mham respectively. Additionally 2.36 Mha area of ponds and tanks are also available to be used for various purposes such as domestic use, irrigation, aquaculture etc. The future requirements of water resources have been predicted to meet the growing demand by different sector [14] .
About 70% of total water requirement would be going for agriculture through irrigation in 2025. The total utilizable resources are about 105 Mmam and 2.36 Mha area of ponds and tanks after full development of ground water as well as surface water resources for utilization but about 77 Mham would be supplied to irrigate agriculture only to feed the growing population. In conesquence, the future growth of agriculture including freshwater aquaculture would be constrained by the freshwater availability. For development of freshwater aquaculture other water resources like Canal, reservoirs and Oxbow lakes & derelict waters should be fully exploited.
Comparison of Water Requirement of Freshwater Aquaculture with Crops
The water productivity for freshwater aquaculture, which has been estimated in the present study, was compared with the other crops water productivity Table 3 [15] . It is clear from the table that the freshwater aquaculture needs more water to produce same amount of fish than the grains. Among the crops compared rice is the least water productive with water productivity 3.7 Kg/ha mm and Freshwater aquaculture is even lesser water rice also having 1.50 Kg/ha/mm water productivity.
Options to Reduce the Use of Water in Freshwater Aquaculture
The water use (7.6 m 3 ) per Kg of fish production was very high in case of semi-intensive pond culture where production of fish was 3 -4 ton/ha/year. If the intensive pond culture with supplementary feeding and aeration, the production of 10 -15 tonnes/ha/yr could be achieved, the water productivity would be almost doubled. The focus should be on using intensive and super intensive culture practices for aquaculture production. The main water consumption in pond aquaculture is in the form of evaporation and seepage losses. Hence our efforts should be such that these losses are minimized during the process. The seepage loss may be controlled by adopting different control measures in pond aquaculture [16] . In intensive or super intensive culture systems, focus should be on assuring the treatment of effluent water and reuse so that these should no longer be considered as a loss. RAS have got very good potential for increasing water productivity very high; they should be tried wherever possible.
On farm water management should also be practiced to reduce the water wastage and make available more water for aquaculture. Water storage capacity of ponds with extensive areas of shallow water can be improved if they are drained and deepened. The shallowest area in a pond should be at least three feet deep. This depth of water will slow growth of aquatic plants, which can take up a large amount of pond volume, effectively reducing the water storage capacity of the pond. To conserve water and reduce energy costs of pumping water in the pond, maintain water levels below the maximum allowed to the standpipe. This practice allows rainfall to be collected in the ponds. How much below maximum level the pond is filled depends upon season, weather patterns, evaporation rates, location, and water holding capacity of the pond, size of the fish in the pond and weight of fish.
CONCLUSION
This study presents the water budgets for freshwater aquaculture ponds for semi-intensive carp culture and also discusses means and ways to reduce the water use in freshwater aquaculture. The total freshwater requirement has been estimated to be 10.3 m 3 /Kg production under present study for semi-intensive culture and with supplemental feeding, out of which 7.6 m 3 /Kg is system associated requirement. The system-associated requirements are mainly evaporation and seepage losses from the pond during fish culture period. On an average the 
